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1   Discussion
In this contribution, we discuss our views on PUSCH and sTTI UL collision handling from a single UE perspective as well as from system perspective. From a single UE perspective, in RAN1#88bis, it has been agreed that:

· In case of collision between PUSCH and sPUSCH in the same subframe on a given carrier for a UE

· The UE shall transmit sPUSCH

· The UE shall stop/drop the transmission of PUSCH
· FFS: If stopping/dropping is partial or full
· FFS on whether/how to transmit UCI(s) of PUSCH if the PUSCH carries the UCI(s)
1.1   Resuming PUSCH after sTTI transmission
When feasible, resuming PUSCH transmission after sTTI transmission may improve PUSCH decoding performance. However, when a PUSCH DMRS is overlapped with sTTI transmission, there are scenarios where resuming PUSCH transmission in non overlapping symbols between PUSCH and sTTI may not be helpful, and resuming PUSCH transmission can,
(a)  potentially block resources to be scheduled for other sTTI UEs in the remaining of the subframe, or 

(b) affect PUSCH decoding performance of other potentially paired PUSCH UEs in case of MU-MIMO 
For example, as shown in Figure 1, if PUSCH DMRS in slot0 is collided by sTTI transmission in sTTI1, when intra-TTI PUSCH hopping is set, resuming PUSCH transmission in slot0 (i.e., sTTI2) seems not beneficial as SC-FDMA symbols cannot be demodulated due to missing DMRS (similar example for slot1 also shown where resuming PUSCH transmission in sTTI5 is not useful if sTTI transmission in sTTI4 collides with PUSCH).      
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Figure 1: PUSCH (shown in orange) and sTTI (shown in green) transmissions in a slot. Resuming PUSCH transmission is not useful in case intra-TTI hopping is set and PUSCH DMRS is collided with sTTI transmission.
Observation 1: If intra-TTI hopping PUSCH DMRS is dropped to transmit sTTI, resuming PUSCH after sTTI transmission in the same slot is not useful. 

Proposal 1: Resume PUSCH transmission in next slot, in case of collision between intra-TTI hopping PUSCH DMRS and sTTI for a UE in the first slot of a subframe.

In addition, if PUSCH DMRS of a UE in slot0 is collided by sTTI transmission in sTTI1, and if the UE is assigned one of the DM-RS OCC codes (i.e., [1 1] or [1 -1]) and no intra-TTI hopping is set, resuming its PUSCH transmission after sTTI transmission can cause PUSCH performance degradation due to MU interference if another PUSCH UE has been paired with the UE with partially overlapped frequency resources using the other DM-RS OCC code. This is due to the loss of OCC orthogonality and inter-UE MU interference on the reference signals of the paired UEs.
Observation 2: If non-intra-TTI hopping PUSCH DMRS is dropped to transmit sTTI, depending on use of OCC resuming PUSCH after sTTI transmission may not be useful. 
However, if eNB does not perform MU-pairing or only pairs UEs with the same resource allocation and different DM-RS cyclic shifts, resuming PUSCH is beneficial. Considering that any MU-MIMO is transparent to the UE and resuming PUSCH transmission is beneficial provided that any intra-cell MU interference can be sufficiently suppressed, it may be useful to give the eNB flexibility to enable/disable resuming non-intra-TTI hopping PUSCH after sTTI transmission (if PUSCH DMRS is dropped) depending on whether and how MU-MIMO is supported in the cell:
Proposal 2: eNB can configure a UE to resume or drop non-intra TTI hopping PUSCH transmission (after sTTI transmission) in case of collision between PUSCH DMRS and sTTI.

1.2 PUSCH and sTTI collision from system perspective
If a UE is scheduled for PUSCH transmission in subframe “n”, another UE 
(a) may not be scheduled for sTTI transmission in that subframe in overlapping resources due to time difference in regular TTI and sTTI scheduling timeline, otherwise will result in introduction of intra-cell MU interference. eNB can schedule regular TTI and sTTI UEs in non-overlapping resources. 
(b) may be scheduled for sTTI transmission in that subframe in overlapping resources if eNB receiver can deal with the MU interference due to resource overlap e.g., MU interference suppression on the overlapped PUSCH symbols, and/or weighting the LLRs accordingly (assuming no sTTI collision on PUSCH DMRS for reliable channel estimates). 
Observation 3: From system perspective, PUSCH and sPUSCH can be multiplexed in a subframe in non-overlapping frequency resources in all sTTIs, and in overlapping frequency resources in all sTTIs except sTTIs 1 & 4 bearing PUSCH DMRS.   
1.3 Overlapped PUSCH UCI handling 

Based on the agreement made in the last meeting, PUSCH is stopped/dropped for a UE if PUSCH and sPUSCH are overlapped within a subframe. There have been proposals to map the UCI which was supposed to be carried on PUSCH onto sPUSCH, at least for PDSCH HARQ-A/N and possibly RI. 
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Figure 2: ACK/NACK and RI mapping on PUSCH with 2/3-OS sTTI boundaries shown.
Looking at the A/N and RI mapping on PUSCH (shown in Figure 2), if some of the SC-FDMA symbols containing A/N have not collided with sTTI transmission, they can be used to minimize resources needed on sPUSCH to carry PUSCH UCI. For instance, if sTTI transmission occurs only in sTTI5, and PUSCH has been transmitted in the subframe upto sTTI5, the number of PDSCH A/N REs required on sPUSCH can be smaller than the case when the PDSCH A/N REs on sPUSCH are dimensioned ignoring the A/N transmission that have occurred on PUSCH.
  Observation 4:  The number of REs needed to transmit PDSCH ACK/NACK on sPUSCH can be reduced considering A/N bearing symbols transmission on PUSCH.    
Conclusions

In this contribution we have discussed sPUSCH-PUSCH collision aspects resulting in the following observations and proposals:
Observation 1: If intra-TTI hopping PUSCH DMRS is dropped to transmit sTTI, resuming PUSCH after sTTI transmission in the same slot is not useful.

Observation 2: If non-intra-TTI hopping PUSCH DMRS is dropped to transmit sTTI, depending on use of OCC resuming PUSCH after sTTI transmission may not be useful.
Observation 3: From system perspective, PUSCH and sPUSCH can be multiplexed in a subframe in non-overlapping frequency resources in all sTTIs, and in overlapping frequency resources in all sTTIs except sTTIs 1 & 4 bearing PUSCH DMRS.
Observation 4: The number of REs needed to transmit PDSCH ACK/NACK on sPUSCH can be reduced considering A/N bearing symbols transmission on PUSCH.    
Proposal 1: Resume PUSCH transmission in next slot, in case of collision between intra-TTI hopping PUSCH DMRS and sTTI for a UE in the first slot of a subframe.
Proposal 2: eNB can configure a UE to resume or drop non-intra TTI hopping PUSCH transmission (after sTTI transmission) in case of collision between PUSCH DMRS and sTTI.


